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A metal - oxide - semiconductor ( MOS ) transistor includes a 
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along a first direction and located on a top portion of the 
substrate . A gate structure line is located on the substrate and 
extends along a second direction intersecting with the first 
direction and crossing over the trenches . A first doped line 
is located in the substrate , located at a first side of the gate 
structure line , and crosses over the trenches . A second doped 
line is located in the substrate , located at a second side of the 
gate structure line , and crosses over the trenches . 
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METAL - OXIDE - SEMICONDUCTOR is located on the substrate and extends along a second 
TRANSISTOR AND METHOD OF direction intersecting with the first direction and crossing 

FABRICATING THE SAME over the trenches . A first doped line is located in the 
substrate , located at a first side of the gate structure line , and 

CROSS REFERENCE TO RELATED crosses over the trenches . A second doped line is located in 
APPLICATION the substrate , located at a second side of the gate structure 

line , and crosses over the trenches . 
This application claims the priority benefit of China In an embodiment , the first direction is perpendicular to 

application serial no . 201910125919.6 , filed on Feb. 20 , the second direction . 
2019. The entirety of the above - mentioned patent applica- In an embodiment , a depth of the trenches is within a 
tion is hereby incorporated by reference herein and made a range from 100 angstroms to 700 angstroms . part of specification . In an embodiment , a depth of the trenches is within a 

range from 300 angstroms to 400 angstroms . TECHNICAL FIELD In an embodiment , a width of the trenches is equal to a 
distance between two adjacent trenches of the trenches . The disclosure relates to a semiconductor fabrication 

technology . More particularly , the disclosure relates to a In an embodiment , a width of the trenches is at least 250 
metal - oxide - semiconductor ( MOS ) transistor and a method 
of fabricating the same . In an embodiment , the substrate includes a deep p - type 

20 well , and the first doped line and the second doped line are 
DESCRIPTION OF RELATED ART formed in the deep p - type well . 

In an embodiment , the first doped line is a p type , and the 
As functions of an integrated circuit ( IC ) increase , a second doped line is an n type . 

portion of the IC operates in a relatively high voltage range , In an embodiment , the gate structure line includes : a gate 
thus enhancing the overall functions of the IC . Although a 25 insulation layer located on the substrate and a gate line layer 
metal - oxide semiconductor ( MOS ) transistor operating at a located on the gate insulation layer . 
high voltage is constituted by a gate , a source , and a drain , In an embodiment , the gate line layer is a polysilicon 
the structure of the MOS transistor is different , so that the layer . 
current flowing through a channel region may be increased According to an embodiment of the disclosure , a method 
when the transistor operating at the high voltage is turned 30 of fabricating an MOS transistor is provided , and the method 

includes : providing a substrate having a plurality of trenches The gate of the MOS transistor is configured to control extending along a first direction and located on a top portion whether the channel region of a substrate is in an on state or of the substrate . A gate structure line is formed on the an off state . When the MOS transistor is applied at a high voltage , the area of the channel region constituted by a 35 substrate , and the gate structure line extends along a second 
polysilicon gate and the substrate poses an impact on the direction intersecting with the first direction and crossing 

over the trenches . Implantation is performed on the substrate performance of the MOS transistor . 
In the structure of an exemplary high voltage transistor is to form a first doped line and a second doped line in the 

taken as an example , the gate between the source and the substrate , and the first doped line and the second doped line 
drain has a linear structure configured to increase an effec- 40 extend along a second direction intersecting with the first 
tive width of the gate . The gate forms the channel region on direction and crossing over the trenches . A gate structure line 
the substrate , and a current is allowed to flow through the is formed on the substrate , extends along the second direc 
channel region . The effective width of the gate , as a matter tion , and crosses over the trenches , wherein the first doped 
of fact , corresponds to an effective width of the channel . line is located at a first side of the gate structure line , and the 
Here , according to the normal definition , the direction 45 second doped line is located at a second side of the gate 
between the source and the drain is a length direction , which structure line . 
is directed to the length of the channel ; by contrast , the In an embodiment , the first direction is perpendicular to 
effective width of the gate indicates an extension length in the second direction . 
a direction perpendicular to the direction of the length of the In an embodiment , a depth of the trenches is within a 
channel . If the effective width ( Weff ) of the gate increases , 50 range from 100 angstroms to 700 angstroms . 
the current ( Ion ) of the turned - on transistor increases as well . In an embodiment , a depth of the trenches is within a In the MOS transistor having said structural design , range from 300 angstroms to 400 angstroms . especially the transistor operating at the high voltage , how In an embodiment , a width of the trenches is equal to a to increase the effective width of the gate to enhance the distance between two adjacent trenches of the trenches . operating performance of the transistor should be taken into 55 In an embodiment , a width of the trenches is at least 250 account . 

on . 

a 

a 

nm . 

SUMMARY In an embodiment , the step of performing the implanta 
tion on the substrate further includes forming a deep p - type 

The disclosure provides a metal - oxide semiconductor 60 well in the substrate , and the first doped line and the second 
( MOS ) transistor whose gate structure in a width direction doped line are formed in the deep p - type well . 
has a concave portion down into the substrate , so as to In an embodiment , the first doped line is a p type , and the 
increase an effective width of the gate . second doped line is an n type . 

According to an embodiment of the disclosure , an MOS In an embodiment , the step of forming the gate structure 
transistor including a substrate is provided . The substrate has 65 line includes forming a gate insulation layer on the substrate 
a plurality of trenches extending along a first direction and and a gate line layer located on the gate insulation layer , and 
located on a top portion of the substrate . A gate structure line the gate insulation layer crosses over the trenches . 
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In an embodiment , the gate line layer is a polysilicon Trenches 56 are also formed on a top portion of the 
layer . substrate 100. The trenches 56 extend along a first direction 

60. The transistor 50 further includes a gate structure line 
BRIEF DESCRIPTION OF THE DRAWINGS 102 on the substrate 100. The gate structure line 102 extends 

5 along a second direction 62 and crosses over the trenches 56 . 
The accompanying drawings are included to provide a The first direction 60 intersects with the second direction 62 

further understanding of the disclosure , and are incorporated in a perpendicular manner , for instance . The gate structure 
in and constitute a part of this specification . The drawings line 102 includes a gate line layer 102a and a gate insulation 
illustrate embodiments of the disclosure and , together with layer 1026. The gate insulation layer 102b is located on the 
the description , serve to explain the principles described 10 substrate 100 and also crosses over the trenches 56. The gate 
herein . line layer 102a is located on the gate insulation layer 102b 

FIG . 1 is a schematic three - dimensional view of a struc and also crosses over the trenches 56. The source S and the 
ture of a MOS transistor according to an embodiment of the drain D are formed in the substrate 100 and located at two 
disclosure . sides of the gate structure line 102. Here , the source S and 
FIG . 2 is a schematic top view of a structure of a MOS 15 the drain D are provided to better describe an embodiment ; 

transistor according to an embodiment of the disclosure . as a matter of fact , the source S and the drain D in operation 
FIG . 3 is a schematic cross - sectional view of the MOS may be exchanged . Both the structure of the source S and the 

transistor depicted in FIG . 1 along a cutting line 1 - I accord- structure of the drain D are linear doped regions according 
ing to an embodiment of the disclosure . to an embodiment of the disclosure . A channel region is 
FIG . 4 is a schematic cross - sectional view of the MOS 20 formed between the source S and the drain D on the surface 

transistor depicted in FIG . 1 along a cutting line II - II of the substrate 100 under the gate , and a channel direction 
according to an embodiment of the disclosure . of the channel region is defined as the first direction 60. In 
FIG . 5A to FIG . 50 are schematic cross - sectional views response to the channel direction , a width of the gate 

illustrating a method of fabricating an MOS transistor structure line 102 extends in the second direction 62 per 
according to an embodiment of the disclosure . 25 pendicular to the first direction 60. An effective length of the 

gate structure line 102 is the effective width of the gate . 
DETAILED DESCRIPTIONS OF In an embodiment , the trenches 56 are formed on the top 

EMBODIMENTS portion of the substrate 100. When the gate structure line 102 
crosses over the trenches 56 , the gate structure line 102 

The disclosure relates to a manufacturing technology of a 30 becomes concave together with the trenches 56 , so as to 
semiconductor device ; more particularly , the disclosure increase a total length of the gate structure line 102 , i.e. , 
relates to a structure of metal - oxide semiconductor ( MOS ) increase the width of the gate . As such , when the transistor 
transistor and a method of fabricating the same . In consid- is turned on and is being operated , the current flowing 
eration of increasing an effective width of a gate , the through the channel region may be increased , so as to 
disclosure provides a gate structure of a transistor extending 35 enhance the performance of the transistor ; therefore , such a 
in a width direction , having a concave portion down into the design may be applied to a high - voltage transistor . 
substrate , so as to increase an effective width of the gate . The structure of the transistor 50 is further described 
Some embodiments are provided below to explain the below . FIG . 2 is a schematic top view of a structure of an 

invention ; however , the invention is not limited by the MOS transistor according to an embodiment of the disclo 
embodiments . Besides , the exemplified embodiments may 40 sure . With reference to FIG . 2 and also FIG . 1 , the width of 
be properly combined and become another embodiment . the gate structure increases in response to the MOS transis 

Here , methods of increasing the effective width of the gate tor 50 operating at the high voltage , so as to form the gate 
are looked into . Normally , the gate on a planar surface of a structure line 102. The gate structure line 102 extends along 
substrate may extend straight along a channel width direc- a cutting line II - II . A source and a drain are formed in the 
tion perpendicular to a channel length direction , so as to 45 substrate 100 at both sides of the gate structure line 102 . 
increase the effective width of the gate . In addition to the According to the embodiment , two transistors 50 are serially 
gate structure in a shape of a straight line at the width connected , for instance , which should however not be con 
direction , another way to further increase the effective width strued as a limitation in the disclosure . The substrate 100 
of the gate is proposed in the disclosure . serves as the base of the transistor 50. The trenches 56 are 
FIG . 1 is a schematic three - dimensional view of a struc- 50 formed on the top portion of the substrate 100 and extend 

ture of a metal - oxide - semiconductor ( MOS ) transistor along a direction of a cutting line 1-1 . The contact regions 54 
according to an embodiment of the disclosure . With refer- serving as contact points for subsequent external connection 
ence to FIG . 1 , a substrate 100 serving as a base of the entire are formed at two sides of the trenches 56. The peripheries 
structure is a p - type substrate Psub . Plural p - type wells of the transistor 50 are isolated by an isolation structure 52 , 
including deep p - type wells DPW or n - type wells including 55 which is a STI structure , for instance . 
deep n - type wells DNW may be disposed in the substrate FIG . 3 is a schematic cross - sectional view of the MOS 
100. Based on actual demands , n - type input / output ( 1/0 ) transistor depicted in FIG . 1 along a cutting line 1 - I accord 
wells NWIO and p - type I / O wells PWIO which may act as ing to an embodiment of the disclosure . With reference to 
a source S and a drain D of one transistor 50 may also be FIG . 3 , the cutting line I - I cuts through the trenches 56 ; 
formed in the substrate 100. The substrate 100 includes a 60 hence , on the cross - sectional structure , the height of the 
shallow trench isolation ( STI ) structure capable of perform- substrate 100 between the isolation structure 52 appears to 
ing an isolation function and an n - type or p - type heavily be a recess , which is determined according to the depth of 
doped contact region 54 N + or P + configured to contact and the trenches 56. The gate structure line 102 crosses over the 
connect external devices . Whether or not the doped regions trenches 56 and is thus located at a bottom portion of the 
are arranged in the substrate 100 is determined according to 65 trenches 56 . 
actual needs , and the doping manner exemplified herein FIG . 4 is a schematic cross - sectional view of the MOS 
should not be construed as a limitation in the disclosure . transistor depicted in FIG . 1 along a cutting line II - II 
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according to an embodiment of the disclosure . With refer- With reference to FIG . 5 ) , another pad oxide layer 218 is 
ence to FIG . 4 , the cutting line II - II cuts through the gate formed on the substrate 200 to protect the subsequent 
structure line 102. Since the trenches 56 are formed on the implantation process . With reference to FIG . 5K , the implan 
substrate 100 , the gate structure line 102 forms a concave tation process is performed to form the desired doped 
structure at the trenches 56 , and the concave structure 5 regions in the substrate 200 , and the desired doped regions 
includes contact regions on sidewalls of the trenches 56 , include , for instance , the deep n - type well DNW , the deep 
whereby an area where the gate structure line 102 and the p - type well DPW , the p - type I / O well PWIO , and so forth . 
substrate 100 are contacted is increased . The channel region The structure depicted in FIG . 1 may be taken as a reference . 
is formed in the contact area . Accordingly , the effective Here , the implantation process is schematically performed to 
width of the gate structure line 102 may be increased . 10 indicate that the desired doped regions are formed in the 

substrate 200 , and the actual implantation process may also In general , the greater the depth of the trenches 56 , the be performed at other proper stages of the fabricating more the increased effective width . However , it is rather process . The implementation of the implantation process is difficult to fabricate the trenches with the large depth . In an not limited in the disclosure . With reference to FIG . 5L , after embodiment , the depth of the trenches 56 is within a range 15 the implantation process is completed , the pad oxide layer 
from 100 angstroms to 700 angstroms , for instance . In an 218 is removed to expose the substrate 200 . 
embodiment , the depth of the trenches is within a range from With reference to FIG . 5M , the gate insulation layer 220 300 angstroms to 400 angstroms , for instance . In an embodi is again formed on the substrate 200 and covers the trenches 
ment , a width W1 of the trenches is equal to a distance W2 216. With reference to FIG . 5N , the gate layer 222 is also 
between two adjacent trenches , and the distance W2 is at 20 formed on the gate insulation layer 220. A material of the 
least 250 nm . In an embodiment , the width of the trenches gate layer 222 is , for instance , polysilicon . In an embodi 
is at least 250 nm , for instance . ment , a doping process may also be performed on the gate 
A cess of fabricating the transistor is described below . layer 222 according to the desired conductivity type . With 

FIG . 5A to FIG . 50 are schematic cross - sectional views reference to FIG . 50 , the gate layer 222 is defined in an 
illustrating a method of fabricating an MOS transistor 25 embodiment , so as to obtain the desired gate line structure 
according to an embodiment of the disclosure . 224. Other steps may be subsequently performed to form the 

With reference to FIG . 5A , an isolation structure 202 is desired structure . The subsequently performed steps should 
formed on the substrate 200 to isolate subsequently formed not be construed as a limitation in the disclosure and thus 
devices , e.g. , a transistor device . A pad oxide layer 204 is will not be further described . 
formed on the substrate 200. With reference to FIG . 5B , a 30 In the gate line structure 224 provided in one or more 
nitride layer 206 is formed on the pad oxide layer 204. With embodiments of the disclosure , the effective width of the 
reference to FIG . 5C , a photoresist layer 208 is formed on gate is increased by forming the trenches 216 on the sub 
the nitride layer 206. The photoresist layer 208 has an strate 200 , which at least may increase the operating current 
opening 210 which exposes a portion of the nitride layer of the transistor . 
206. With reference to FIG . 5D , an etching process is 35 It will be apparent to those skilled in the art that various 
performed on the nitride layer 206 in response to the opening modifications and variations may be made to the structure 
210 with use of the photoresist layer 208 as the etching provided in the disclosure without departing from the scope 
mask , so as to form an opening 212 of the nitride layer 206 or spirit indicated herein . In view of the foregoing , it is 
exposing a portion of the pad oxide layer 204 . intended that the disclosure cover modifications and varia 

With reference to FIG . 5E , the photoresist layer 208 is 40 tions provided they fall within the scope of the following 
removed , and the nitride layer 206 and the pad oxide layer claims and their equivalents . 
204 are kept . With reference to FIG . 5F , a cleansing process , What is claimed is : 
e.g. , a standard RCA cleaning process , is performed with use 1. A metal - oxide semiconductor transistor comprising : 
of oxide to remove the pad oxide layer 204 exposed by the a substrate having a plurality of trenches located on a top 
opening 212 of the nitride layer 206. As such , an opening 45 portion of the substrate and extending along a first 
214 is formed in the nitride layer 206 and the pad oxide layer direction ; 
204 and exposes a portion of the substrate 200 . a gate structure line located on the substrate , extending 

With reference to FIG . 5G , since the opening 214 is along a second direction intersecting with the first 
formed in the nitride layer 206 and the pad oxide layer 204 , direction , and crossing over the plurality of trenches ; 
an etching process is performed on the exposed portion of 50 a first doped line located in the substrate , located at a first 
the substrate 200 , so as to obtain a plurality of trenches 216 side of the gate structure line , and crossing and under 
on the top portion of the substrate 200. As depicted in FIG . the plurality of trenches ; and 
4 and described above , the depth D of the trenches 216 is a second doped line located in the substrate , located at a 
within a range from 100 angstroms to 700 angstroms , for second side of the gate structure line , and crossing and 
instance . The width W1 of the trenches 216 is at least 250 55 under the plurality of trenches , 
nm , for instance . The distance W2 between two adjacent wherein a width of the plurality of trenches is equal to a 
trenches is at least 250 nm , for instance . In an embodiment , distance between two adjacent trenches of the plurality 
the width W1 and the distance W2 are equal and evenly of trenches . 
distributed , for instance . 2. The metal - oxide semiconductor transistor according to 

With reference to FIG . 5H , after the structure of the 60 claim 1 , wherein the first direction is perpendicular to the 
trenches 216 is completely formed , the nitride layer 206 second direction . 
whose material is different from that of the pad oxide layer 3. The metal - oxide semiconductor transistor according to 
204 may be removed according to an embodiment of the claim 1 , wherein a depth of the plurality of trenches is within 
disclosure , while the pad oxide layer 204 is kept on the a range from 100 angstroms to 700 angstroms . 
substrate 200. With reference to FIG . 51 , according to an 65 4. The metal - oxide semiconductor transistor according to 
embodiment , a cleaning process is performed to remove the claim 1 , wherein a depth of the plurality of trenches is within 
pad oxide layer 204 and expose the substrate 200 . a range from 300 angstroms to 400 angstroms . 
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5. The metal - oxide semiconductor transistor according to 11. The method of fabricating the metal - oxide - semicon 
claim 1 , wherein a width of the plurality of trenches is at ductor transistor according to claim 10 , wherein the first 
least 250 nm . direction is perpendicular to the second direction . 6. The metal - oxide semiconductor transistor according to 12. The method of fabricating the metal - oxide - semicon claim 1 , wherein the substrate comprises a deep p - type well , 5 ductor transistor according to claim 10 , wherein a depth of and the first doped line and the second doped line are formed the plurality of trenches within a range from 100 ang in the deep p - type well . 

7. The metal - oxide semiconductor transistor according to stroms to 700 angstroms . 
claim 1 , wherein the first doped line is a p type , and the 13. The method of fabricating the metal - oxide - semicon 
second doped line is an n type . ductor transistor according to claim 10 , wherein a depth of 

8. The metal - oxide semiconductor transistor according to the plurality of trenches within a range from 300 ang 
claim 1 , the gate structure line comprising : stroms to 400 angstroms . 

a gate insulation layer located on the substrate ; and 14. The method of fabricating the metal - oxide - semicon 
a gate line layer located on the gate insulation layer . ductor transistor according to claim 10 , wherein a width of 9. The metal - oxide semiconductor transistor according to claim 8 , wherein the gate line layer is a polysilicon layer . 15 the plurality of trenches is at least 250 nm . 15. The method of fabricating the metal - oxide - semicon 10. A method of fabricating a metal - oxide - semiconductor 

transistor , comprising : ductor transistor according to claim 10 , wherein the step of 
providing a substrate , the substrate having a plurality of performing the implantation on the substrate further com 

trenches extending along a first direction and located on prises : forming a deep p - type well in the substrate , wherein 
the first doped line and the second doped line are formed in a top portion of the substrate ; 

forming a gate structure line on the substrate , the gate the deep p - type well . 
structure line extending along a second direction inter 16. The method of fabricating the metal - oxide - semicon 
secting with the first direction and crossing and under ductor transistor according to claim 10 , wherein the first 
the plurality of trenches ; and doped line is a p type , and the second doped line is an n type . 

performing implantation on the substrate to form a first 25 17. The method of fabricating the metal - oxide - semicon 
doped line and a second doped line in the substrate , the ductor transistor according to claim 10 , wherein the step of 
first doped line and the second doped line extending forming the gate structure line comprises : 
along the second direction intersecting with the first forming a gate insulation layer on the substrate , the gate 
direction and crossing and under the plurality of insulation layer crossing over the plurality of trenches ; 

and trenches , wherein the first doped line is located at a first 30 
side of the gate structure line , and the second doped line forming a gate line layer on the gate insulation layer . 
is located at a second side of the gate structure line , 18. The method of fabricating the metal - oxide - semicon 

wherein a width of the plurality of trenches is equal to a ductor transistor according to claim 17 , wherein the gate line 
distance between two adjacent trenches of the plurality layer is a polysilicon layer . 
of trenches . 
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